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I.  Introduction 


The  main  objectives  of  this  research  project  were:  (1) 
to  study  the  electronic  properties  of  organic  superconductors, 
and  (2)  to  use  the  obtained  electronic  properties  to  provide 
some  clues  to  search  for  new  organic  superconductors.  Five 
research  activities  were  performed  in  the  project:  (1) 
prepared  organic  superconductors  in  our  laboratory  at  the 
University  of  Missouri  -  Kansas  City  (UMKC) ;  (2)  obtained 
positron-electron  momentum  densities  in  organic 
superconductors;  (3)  obtained  positron  lifetimes  across  the 
superconducting  transition  temperature  (T^)  ;  (4)  performed  a 
first-principles  band  calculation  and  predicted  the  Fermi 
surface;  and  (5)  attempted  experiments  of  the  Compton  profile 
and  of  KjC^q. 

II.  Sample  Preparation 

Three  organic  superconductors  (OS)  were  studied  in  this 
project.  Their  properties  are  listed  in  Table  I  below. 


Table  I.  Organic  Superconductors  Studied  in  this  Project 


OS 

Tc 

Structure 

a  (A) 

b(A) 

c(A) 

K-(BEDT-TrF)2Cu(NCS)2 

10.4  K 

monoclinic/P2^ 

16.25 

8.440 

13.12 

K-(BEDT-TTF)2Cu[N(CN)2]Br 

11.6  K 

orthorhombic/Pnma 

12.98 

29.98 

8.48 

A.-(BETS)2GaCI^ 

7.5  K 

triclinic/P.| 

16.17 

18.61 

6.608 

These  three  OS  were  discovered  by  other  groups  [1,2,3]. 
The  structure  of  one,  K-(BEDT-TTF)2Cu[N(CN)2]Br,  is  shown  in 
Figure  1.  These  OS  samples  were  acquired  from  Kyoto 
University  [1],  Argonne  National  Labs  [2],  and  the  University 
of  Indiana  [3]  for  positron  annihilation  experiments.  These 
crystals  were  well  characterized  by  these  institutions. 

An  electrocrystallization  apparatus  was  installed  at  UMKC 
as  described  in  the  literature  [4].  Using  this  set-up,  the  OS 
K- (BEDT-TTF) 2Cu(NCS) 2  was  successfully  synthesized.  The  size 
of  crystal  was  about  2  mmx  2  mmx  0.1  mm.  The  T^  was 
determined  to  be  7.2  K  using  the  magnetization  measurement  at 
the  University  of  Houston.  The  magnetization  curve  is  shown 
in  Figure  2.  With  this  success,  future  development  of 
synthesis  of  organic  superconductors  via  the 
electrocrystallization  technique  has  become  possible  at  UMKC. 
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III.  2D-ACAR  Experiments 


The  momentvim  densities  of  an  organic  superconductor,  k- 
(BEDT-TTF)2Cu[N(CN)2]Br,  were  measured  using  the  2D-ACAR 
instrximents  at  the  University  of  Texas  -  Arlington  and  at  UMKC 

[5] .  Our  results  are  the  first  precise  measurement  to  search 
for  the  Fermi  surface  in  OS  using  the  positron  technique.  The 
results  of  the  2D-ACAR  spectrvim  are  reported  and  shown  in 
Figure  3 .  The  experimental  data  of  momentum  densities  were 
the  first  available  to  quantitatively  compare  with  the  theory 

[6] . 


IV .  Theoretical  Calculations  and  the  Fermi  Surface 

The  band  structure  of  K-(BEDT-TTF)2Chi[N(CN)2]Br  was 
calculated  via  a  first-principles  method — orthogonalized- 
linear-combination-of-atomic-orbital  (OLCAO) — in  collaboration 
with  Prof.  W.  Y.  Ching  at  UMKC  [6].  The  results  of  the  band 
structure  and  the  Fermi  surface  are  shown  in  Figure  4 . 
Comparing  the  experiment  of  positron  results  (Fig.  3 -bottom) 
with  the  theory  (Fig.  4 -bottom) ,  a  consistent  topology  was 
found  but  some  fine  discrepancies  existed.  This  result  is  the 
first  direct  comparison  between  the  precise  2D-ACAR  experiment 
and  a  first-principles  theory. 

V.  Positron  Lifetime  Experiments  and  Calculations 

A  He-cryostat  (1.5  K  -  300  K)  was  installed  in  the 
positron  laboratory  at  UMKC.  Positron  annihilation  lifetimes 
were  measured  as  a  function  of  temperature  between  1.5  K  and 
300  K  in  two  organic  superconductors,  k-(BEDT-TTF)2Cu(NCS)2  and 
K-(BEDT-TTF)2Cu[N(CN)2]Br.  The  positron  lifetime  was  found  to 
decrease  as  the  temperature  decreases  below  T  [7]  in  both 
samples.  This  was  interpreted  as  a  local  electron  transfer 
from  the  insulating  layer  to  the  superconducting  layer.  Figure 
5  shows  the  variations  of  the  positron  lifetime  across  T^.. 

Extensive  positron-electron  density  calculations  were 
performed  in  these  OS  crystals  in  order  to  understand  the 
positron  lifetime  variations.  Figure  6  shows  the  calculated 
positron-electron  density  distributions  in  the  k-(BEDT- 
TTF)2Cu(NCS)2  system.  A  similarity  of  positron  lifetime 
variation  and  distribution  was  observed  between  ET-based  OS 
and  oxide  high  temperature  superconductors  [ 8 ] . 

VI .  Other  Research  Activities 

The  newly  discovered  OS,  A,-(BETS)2GaCl^[3] ,  was  considered 
in  this  work.  Preliminary  calculations  of  positron  and 
electron  densities  were  made.  The  available  sample  size  (" 

0.1  mm)  was  found  to  be  too  small  for  positron  experiments. 
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A  Compton  profile  spectroscopy  experiment  was  designed 
and  prepared  for  the  OS  samples  using  ^’cr  yray  sources 
generated  at  the  University  of  Missouri  Research  Reactor 
(MURR) .  The  initial  attempt  showed  that  the  available  OS 
crystals  (mm)  are  too  small  for  a  good  Compton  profile 
measurement  (which  requires  larger  than  1  cm  dimension)  using 
a  y-ray  source.  Future  development  of  Compton  profile 
spectrometry  using  a  synchrotron  radiation  light  source  may  be 
feasible  for  existing  OS  crystals. 

Other  OS  samples,  KjC^g,  were  also  considered  for  positron 
experiments.  However,  sizable  and  good  crystals  of  C^-based 
superconductors  were  not  available  during  the  proposed  period 
to  be  researched  in  these  positron  experiments  in-situ  at 
UMKC. 
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Ficmre  Captions 


Fig.  1.  Crystal  strxicture  of  K-(ET)2Cu[N(CN)2]Br.  The  ET 
presents  (BEDT-TTF)  molecules. 

Fig.  2.  The  magnetization  of  k- (BEDT-TTF) 2Cu(NCS)  2  crystals 
synthesized  at  UMKC. 


Fig.  3.  The  anisotropy  plot  of  2D-ACAR  raw  spectra  (top)  and 
the  LCW-folded  momentum  density  (bottom)  in  k- 
(BEDT-TTF)2Cu[N(CN)2]Br  crystals. 

Fig.  4.  The  calculated  band  structures  (top)  and  predicted 

Fermi  surfaces  (bottom)  of  K-(BEDT-TTF)2Cu[N(CN)2]Br. 

Fig.  5.  The  variation  of  positron  lifetime  vs  temperature  in 
K- (BEDT-TTF) 2Cu(NCS) 2  systems. 

Fig.  6.  Plots  of  the  integrated  electron  density  (top), 
positron  density  (middle) ,  and  positron-electron 
overlap  (bottom)  over  the  bc-plane  vs  a-axis  in  k- 
(BEDT-TTF)2Cu(NCS)2  crystal,  based  on  a  first- 
principles  OLCAO  calculation. 
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K-ET2  Cu[N(CN)2]Br  Structure 
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The  band  structures  of  k-(ET)2  [N(CN)2]Br 
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